Data evaluation of investigations of soil contamination by heavy metals is very important for decision of regional planning problems. In this study utilization of fuzzy set theory for interpretation of data of investigations of soil contamination by heavy metals is presented. Several simple fuzzy indicator models are elaborated. Case of the use of linguistic variables is discussed. Utilization of triangular fuzzy numbers (TFN) for assessment of soil contamination by heavy metals is developed. The theoretical consideration is illustrated by simple examples.
Introduction
Climatological information for particular regions are stored in various sources such as archives at different meteorological stations, climatological reference books, publications of various meteorological field experiments, climatological databases, etc. Because data are generated separately, one can expect information from these different sources to have different levels of data quality.
The concentrations of heavy metals in agricultural soils are increasing gradually from various sources. The metals can transfer from contaminated soils into the growing plants or may affect the respiration rate of soil microorganisms. The new (third) edition of 'Heavy Metals in Soils' provides an up to date and in-depth coverage of analytical methods, concentrations in soils, soil chemistry and effects on plants, animals and humans of the 21 most environmentally important heavy metals and metalloids (Alloway, 2013) .
The leaching of heavy metals (Ni, Cu, Zn, Cd, and Pb) from eight contaminated soils over a wide range of pH (pH 0.4−12) was studied by Dijkstra et al. (2004) . The model predictions of heavy metal leaching are generally adequate and sometimes excellent. The combination of the experimental and modeling approaches as used in this study is shown to be promising because it leads to a more fundamental understanding of the pH-dependent leaching processes in soils.
The knowledge of the variability of soils is of critical importance to assess human impact. Investigation of the possible health risks of exposure to heavy metal concentrations in river bank soils resulting from the flooding was made by Albering et al. (1999) .The simple model to predict the biorelevant metal concentration in anthropogenically or artificially contaminated soils is reported by Gupta & Atenbc (1993) . This model has been tested in laboratory experiments, in growth experiments either in a greenhouse or in the field. Also, an attempt was made to present a theoretical interpretation.
Currently, for evaluation of soil contamination by heavy metals makes wide use of geostatistical methods. The use of multivariate analyses and geostatistical methods is considered in several investigations (Lin et al., 2001; Romic & Romic, 2003; Rodríguez et al., 2006 Rodríguez et al., , 2013 Beno et al., 2009; Li & Feng, 2012) .
Technologies of Geographic Information Systems (GIS) often used for analysis of heavy metal soil contamination. For example concentrations of heavy metals were determined using geostatistical techniques and classes of risk were defined using fuzzy classification. The resulting prediction mappings identify the locations of high concentrations of Pb, Zn, Ni, and Cu in topsoils of the study area (Lourenço et al., 2010) . Another reported application is the acquiring and representing of knowledge on soil-landscape relationships and applying that knowledge to digital soil mapping (Nanos & Rodríguez, 2012; Feng et al., 2006; Amini et al., 2005; Cattle et al., 2002) .
Multivariate statistic approaches (Principal Component Analysis and Cluster Analysis) were adopted for data treatment, allowing the identification of three main factors controlling the heavy metal variability in cultivated soils (Facchinelli et al., 2001 ).
Furthermore, it should be noted that among methods of soil quality evaluation which have been developed, such as soil card design and test kits (Ditzler & Tugel, 2002) , soil quality index methods (Rahmanipoura et al., 2014; Marzaioli et al., 2010) , and geostatistical methods (Sun et al., 2003) , soil quality indices methods are the most commonly used today (Andrews et al., 2002) , because they are easy to use and flexible (Qi et al., 2009 ).
Suitable way for evaluation of soil contamination by heavy metals is application of fuzzy set theory (Kurtener & Badenko, 2000; Amini et al., 2005; Feng et al., 2006; Pop et al., 2009; Lourenço et al., 2010; Xu et al., 2011) Objective of this study is utilization of fuzzy set theory for interpretation of data of investigations of soil contamination by heavy metals. In section 2 simple fuzzy indicator models are outlined. Section 3 describes a case of the use of linguistic variables. In section 4, utilization of triangular fuzzy numbers (TFN) is considered.
Simple fuzzy indicator models
During interpreting the data of studies on soil contamination with heavy metals, it frequently happens when the conditions of the problem, objectives, constraints, and the consequences of possible solutions cannot be described accurately. This is due to the inaccuracy of the measurement parameters and the properties of the soil contaminants as well as interpretation of the collected data (Badenko, 2013) .
Suitable way for evaluation of soil contamination by heavy metals is application of simple fuzzy indicator models (Kurtener &Badenko, 2002; Kurtener &Badenko, 2000) .
Fuzzy sets theory is a generalization of conventional set theory, in which the concept of belonging to a set has been modified to include partial degrees of membership, i.e., values along the continuum between 0 and 1, encoded in a fuzzy membership function. Fuzzy sets are especially useful when insufficient data exist and it is impossible to characterize uncertainty using standard statistical measures (e.g., mean, standard deviation, and distribution type) (May et al., 1997; Bárdossy et al., 2003) .
The central concept of fuzzy set theory is the membership function, which represents the relationship of an element to a set. The membership function of a fuzzy set is expressed on a continuous scale from one (full membership) to zero (full non-membership). One of the principal benefits of the application of fuzzy set theory in real world planning situations is that most indices of the planning process can be estimated by using membership functions. In particular, by setting the membership function to one, we symbolize a maximum value of the indicator of the investigated process, and setting membership function to zero, we represent a minimum of value of the indicator. The choice of a membership function is somewhat arbitrary and should mirror the subjective expert opinion.
In the process of planning amelioration actions should take into account heavy metal contamination. It may be necessary to estimate the current state of the agricultural areas concerned in order to determine the seriousness of the pollution problem.
Let's to formulate the starting positions for defining of fuzzy indicator model as follows:
• The concentration of heavy metals can be very small and soil contamination is negligible;
• Fixed criteria for acceptable levels of soil contaminants (threshold values) are being defined;
• The concentration of heavy metals can be equal to or greater than the upper threshold value and soil contamination is considered as impermissible; and • The concentration of heavy metals is neither very small nor very large and it is not quite clear whether the soil contamination is serious or not.
Mathematically these all situations can be described by fuzzy indicator modeled with membership function µ(x) as follows 
where x is the current concentration of a pollutant (mg/kg) and th up is equal to threshold value of the pollutant (th low = th up /3).
Equations (1) 
where μ j is the simple indicator of soil contamination by i -pollutant.
We emphasize that there are another ways for definition the composite indicator. For example we could use for this propose weighted linear combination (Jiang & Eastman, 2000) .
For illustration of the considered approach we used data, which describes agrarian territory located near St. Petersburg. This territory contains 107 plots differed in soil hydrological properties, soil tillage, types of vegetation, and systems of plant cultivation (Figure 1 ).
Using designed software, the simple indicators of soil contamination by heavy metals such as Cu, Zn, Pb, Cd, As, and F are calculated. Calculations of the simple indicators were performed using of fuzzy algorithms that are integrated in GIS environment (MapInfo and MapBasic). The cumulative influence of various pollutants we can express by set "polluted by heavy metal and F" is calculated using fuzzy aggregation operation of two types: 
The results of the calculation are present on figures 5 and 6.
Case of the use of linguistic variables
Considered approach can be extended for case of the use of linguistic variables. With aim to make user friendly conditions we can introduce linguistic scale.
Let's assume that we might have the following assessments:
• "Contamination absent" if µ< 0.3, • "Light contamination" if 0.3 <= µ< 0.7, • "Strong contamination" if µ>= 0.7
For illustration of this approach we used data, which describes shortly in precious section. The calculations were performed using the software MapInfo and MapBasic. The thematic map describing soil contamination by arsenic is shown by Figure 7 . The composite indicator based on combination of µ Cu , µ Zn , µ Pb , µ Cd , µ As , µ F is obtained by a union operation, and given by Figure 8 . 
Fuzzy soil contamination indicator
In real conditions, the concentration of heavy metals in the soil of a site is defined on the basis of samples taken at several points and it is clear that this concentration will vary by site area. The width of the interval may vary within 15-25% of mean and more.
In connection with this the current value sand threshold values can be interpreted as triangular fuzzy numbers (TFN) (Kaufmann & Gupta, 1988) . TFN have been widely used in practical applications because of their simplicity and ability to describe experts' subjective information. TFN are the simplest type of membership functions that are linear on either side of the peak that is equal to 1.
TFN would be appropriate for use in a fuzzy index based on work of Bogardi et al. (1996) . In particular, developed by Bogardi et al. (1996) the fuzzy reliability index can be adopted for assessment of soil contamination by heavy metals.
Threshold value will be denoted as TH up , and the current parameter value is denoted as X. Value exceeding the threshold value can be calculated as the difference between these numbers: Z = TH up -X.
The fuzzy number Z can be used to calculate the index of the correspondence between the current parameter value and the threshold.
We assume that if the concentration of heavy metal in the soil (X) does not exceed the threshold value (TH up ), the fuzzy number Z must be fully defined on the positive axis of reals. This corresponds to the absence of environmental risk. If X is much greater than TH up , the number of Z is completely defined by the negative part of the axis of reals.
Following to Bogardi et al. (1996) the fuzzy soil contamination indicator (SCI) can be defined as part of the number Z, presented on the positive part of the axis (Figure 9 ): Fig. 9 . The shaded area shows the part of the fuzzy number Z, defined on the negative part of the axis.
Note that TFN can be described by the three parameters. Therefore we can write: It is easy to see that it is possible the following four cases:
These equations can use for calculation of SCI.
For illustration of the considered approach we used data, which we utilized in precious sections. Figure 10 shows the thematic map of the territory, reflecting available information on arsenic contamination (mg / kg) for each agricultural field. Let X=(x 1 , x 2 , x 3 ) is TFN described the concentration of arsenic for the each agricultural field. Then we assume that the standard value of arsenic concentration equal 2 mg / kg. Therefore TFN described TH up can be represented as follows: th up 1 = 1.6,th up 2 = 2,th up 3 = 2.4. Thematic map displaying the spatial distribution of this fuzzy soil contamination indicator (SCI) is shown in Figure 11 .
Let's consider another example, in which we will use the same information on lead as on arsenic. SCI obtained in this example describes an estimation of soil contamination by two heavy metals: arsenic and lead. SCI calculated by using by the operation of intersection is shown in Figure 12 . SCI calculated by using by the operation called as algebraic product is presented by Figure 13 .
It should be noted that application of the operation called as algebraic product gives a more stringent assessment for intermediate values (between 0 and 1) and we can say that it corresponds to the position "a pessimist." The result of application of operation of intersection can be interpreted as optimistic assessment.
Conclusions
Using fuzzy set theory three types of models for evaluation of soil contamination by heavy metals are elaborated. Models of first type are very simple and based on utilization of membership functions. In second type of models the outputs are presented by linguistic variables. Models of third type are based on triangular fuzzy numbers (TFN). For assessment of soil contamination by heavy metals the fuzzy soil contamination indicator (SCI) elaborated. The first calculations using the developed models shown that they are adaptable for decision of problems of soil contamination by heavy metals. Fig. 12 . SCI of soil contamination by arsenic and lead (SCI calculated by using by the operation of intersection). Fig. 13 . SCI of soil contamination by arsenic and lead (SCI calculated by using by the operation called as algebraic product).
